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1 . 


INTRODUCTION 


Synoptic meteorology, the near real-time analysis and 
prediction of atmospheric conditions, is commonplace through- 
out the world. The taking and collection of observations, 
both at the surface and in the upper air, is efficiently 
organized under the auspices of the World Meteorological 
Organization. Virtually every nation contributes conventional 
atmospheric observations through a multi-nation collection 
effort, v;hile satellites, buoys, and automatic weather stations 
contribute even further to global atmospheric data coverage . 

However, with the exception of surface parameters such 
as surface temperatures and sea state, the collection of 
synoptically useful oceanographic observations is still rela - 
tively sporadic and limited in scope. Consequently, sys-cema- 
tic synoptic analysis and prediction of subsurface mass and 
motion structure is not practiced routinely anywhere to a 
significant extent. Synoptic oceanography, therefore, has not 
achieved a dynamic and progressive character. 

It is clear that without a planned, orderly, and spatially 
logical flow of synoptically useful data, no synoptic oceano- 
graphy is possible. It is further evident that without a 
comprehensive and well designed observational network, no such 
synoptic data flow is feasible. The purpose of this paper, 
therefore, is to demonstrate the existing need for synoptic 
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subsurface observations, giving special attention to the 
requirements of meteorology? to assess the current state of 
synoptic oceanographic observations; and to present a prelim- 
inary design for the Basic Observational Netv;ork (BON) needed 
to fulfill the minimum needs of synoptic meteorology and 
oceanography . 

It will be seen that there is an existing critical need 
for such a network in the support of atmospheric modeling and 
operational meteorological prediction, and that through 
utilization of the regional water mass concept an adequate 
observational system can be designed which is realistic in 
terms of cost and effort. 

The purpose of IGOSS is defined as providing more exten- 
sive and timely information on the state of the ocean and 
its interaction with the atmosphere. IBON (IGOSS~Basic Obser- 
vational Network) is a co-ordinated systematic approach to 
the observing system needed in order to meet the IGOSS objec- 
tive, and IBON initially will be the minimum useful network 
in terms of spatial and temporal density and the accuracy of 
observation. The IGOSS System thus involves a full range of 
physical variables describing the state of the ocean and the 
air-sea energy exchange . 

The immediate objective is to obtain a minimum set of 
surface and sub-surface temperature data on a regular basis 
with time and space scales necessary to define the major 
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features of the v;orld oceans and to support synoptic meteor- 
ology . Special attention V7ill be given to providing support 
to PGGE when the ocean data requirements of that programme 
are defined. IBON will later be expanded to include the mea- 
surement of other parameters as measuring techniques, instru- 
ments and resources become available. 

A further important purpose of IBON is to stimulate and 
fac3.1itate the research work necessary to improve the accura- 
cy and extent of oceanographic and related environmental 
measurement, analysis and prediction. Such improvement should 
enable the consequences of environmental modification no be 
assessed. In particular, special experiments such as FGGE 
will later show v/hether or not IBON is an optimum observing 
system, and may contribute to design modifications as required - 

IBON can be considered as an important contribution to 
the U.N. Global Environmental Monitoring System (GEMS) , as 
it will provide information on a regular basis for assessment 
of the state of the ocean and its effect on v/eather and cli- 
mate, as well as for interpretation of pollution monitoring 
data. 
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2 . 


THE EXISTING REQUIREMENT FOR SYSTEMATIC SYNOPTIC 


COLLECTION OF SUBSURFACE OBSERVATIONS 

Historically, and even nov;, a considerable segment of 
the oceanographic community has had little requirement for 
synoptic (real-time) oceanography, and therefore has no need 
for synoptic collection of subsurface observations. An 
advance in the science of predictive oceanography is possible 
only with establishment of a synoptic subsurface observational 
capability such as will be proposed below. 

In the short run, the strongest demand for synoptic 
collection of subsurface observations will come from tv7o 
groups: synoptic meteorologists., who need to improve real-time 

atmospheric prediction through better treatment of heat and 
moisture transfer at the air/ocean interface, and fisheries 
experts, who v?ant to improve and better estimate catch and 
maximum yield . 

The growing recognition of the importance of air/ocean 
exchange processes has stemmed from recent rapid advances 
in numerical weather prediction. In our opinion, this factor 
is the strongest existing stimulus for both systematic syn- 
optic collection of subsurface observations and for the de- 
velopment of a dynamic synoptic oceanography. Consequently, 
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the paragraphs below will discuss in greater detail the 
existing synoptic meteorological requirement for a synoptic 
sub-surface observational capability, 

2 . 1 Routine Synoptic Coverage 

Global numerical v^eather prediction is now being 
carried out at several national centers. Most global pre- 
diction models lose skill at about 4-8 hours due to several 
deficiencies: incomplete physics, insufficient horizontal/ 

vertical resolutions, and improper specification of initial 
conditions. Recent experiments by Bengtsson, Laevastu, and 
others indicate that improved treatment of air/ocean transfer 
of heat and moisture is absolutely essential if accurate 
atmospheric prediction is to be extended to 5-10 days. 
Laevastu is now conducting tests which demonstrate rapid 
baroclinic development in an initially zonal atmosphere with 
heat/moisture flux from a modeled continent-ocean-continent 
configuration with realistic surface temperature gradients. 

Advanced, operational atmospheric prediction 
models do take into account the flow of heat and moisture 
from the ocean surface into the atmosphere . They usually 
utilize a recent sea surface temperature analysis (or even 
a climatological sea surface temperature field) as an 
anchor. However, they invariably keep the sea surface temp- 
erature constant during the forecast period - that is. 
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there is no transfer of energy from the atmosphere to the 
ocean . 

Since the atmospheric prediction models are not 
truly coupled to the ocean, the effects of mechanical and 
thermal mixing on the ocean heat reservoir are unknown. 

The upper-ocean thermal structure (in the absence of any 
synoptic observations) can thus remain unchanged for days. 

An intense, but shallow, transient thermocline can appear 
or disappear undetected, thus making it entirely possible 
that the air/sea temperature difference used in heat flux 
computations is of the wrong sign. Since the average air/ 
sea temperature difference over the oceans is on the order 
of 1-2° C, inadequate knov7ledge of the upper thermal structure 
and how it is changing is a severe limitation. One could 
ask, "What dii f erence does it make if a truly coupled model 
is not used for environmental prediction?" Eventually, 
atmospheric models will have to be at least semi-coupled; 
that is, the gross upper-ocean changes due to atmospheric 
changes must be taken into account. Without synoptic sub- 
surface observations, modelers will not know whether or rot 
their interaction algorithms are functioning properly. 

The use of climatological mean temperatures can 
be particularly misleading. In some ocean areas, the near- 
surface thermal changes over a 3-day period are of the same 
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magnitude as mean changes from one month to the next. If 
atmospheric prediction models are to incorporate hourly 
values of heat, moisture and momentum flux, then the sub- 
surface observations of a minimum, synoptic oceanographic 
netv/ork are required to adequately define the basic ocean, 
thermal structure V7hich is important to this exchange. 

In addition to the above requirement, there are 
two other broad areas of requirements for different types 
of subsurface observations: historical series, and special 

purpose investigations. These requirements are not in ^ 
conflict with the netv7ork proposed herein; rather, they 
should be mutually complementary with it. 

2 . 2 Historical Series 

Long time series of subsurface observations at 
fixed locations have great utility in climate-oriented 
studies. Series from Ocean Station Vessels, selected fixed 
buoy sites, and island stations should definitely be main- 
tained. Periodic sampling along fixed lines is also strongly 
supported because of its contribution toward better under- 
standing the role of the oceans in long-term climatic changes. 

The IGOSS-ITECH Committee strongly supports these 
efforts and urges that all such observations be forwarded on 
a real-time basis to ;-.upport the subsurface synoptic obser- 
vation network. It should be noted that the data systematically 


7 



collected by the proposed network will eventually become 
sets of historical series in and of itself, thus furthering 
climatic research. 

2 . 3 Special Purpose Investigations and Detailed Surveys 

Frequently in the process of hypothesis testing 
and theory building, members of various scientific disci- 
plines carry out subsurface observations at a micro discrim- 
inatory level and/or on an extremely limited spatial or 
topical basis. The proposed network would in no way hinder 
these investigations and surveys which have frequently led 
to the development of new paradigms for synoptic analysis 
and prediction. Rather, its output could suggest nev/ areas 
of intense investigation and survey. 

We urge only that whenever pccsihle, all obser- 
vations capable of supporting the proposed large scale . 
synoptic observation network be forwarded on a real-time 
basis . 
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3.0 THE CUR1H3NT STATE OP SUBSURFACE OCEANOGRAPHIC 


OBSERVATIONS 

Hundreds of thousands of subsurface oceanographic 
observations have been taken to date. Most of these have 
been the result of scientific expeditions designed to 
study the relatively localized phenomena such as eddies, up- 
wellings, etc. Sources of these observations have included 
long term series from fixed points (Ocean Weather Stations) 
and fixed sections (e.g., CALCOFI and EASTROPAC series), and 
co-operative "Ships of Opportunity" since the invention of 
the Expendable Bathythermograph. 

In this section there will be a survey of the extent of 
current coverage, the instruments utilized, communications 
procedures used, and existing data collection programs. 
Needed improvement areas and examples of good programs will 
also be pointed out. 

3 . 1 Coverage Currently Available 

The number of observations now available for 
subsurface synoptic analysis (any sounding less than three 
days old is considered to be useful in present analysis 
programs) is sufficient only in limited areas of the North 
Pacific, North Atlantic and Mediterranean. Table 3-1 
shov7S the estimated average number of synoptic BATHY reports 
per month for selected ocean areas. This table is based on 
synoptic collection achieved through IGOSS during 1973/1974. 
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TABLE 3~1: Estimated Average Monthly Reports 

Received in Time for Synoptic Analysis 
(1973/1974) 

Ocean Area Ave'. Number 


North 

Atlantic + Mediterranean 

820 

South 

Atlantic 

30 

North 

Pacific 

430 

South 

Pacific 

60 

North 

Indian 

45 

South 

Indian 

45 


TOTAL 1430 

The coverage is actually less adequate than shovm, for 
the reports tend to be concentrated in smaller portions 
of each ocean. In these areas, the coverage is sometimes 
redundant; in other regions as large as one million square 
miles, months may pass before a series of reports is 
available. As will be seen, this coverage is less than 
10% of the required coverage. 

The coverage of IGOSS observations achieved so 
is shown in Figure 3-1. 

3.2 Instruments 

Mechanical Bathythermograph systems, (MBT) , because 
of their known inaccuracies, should be considered only as a 
secondary instrument for synoptic observations. The Shipboard 
(SXBT) and Airborne (AXBT) versions of the. expendable bathy- 
thermograph should be the basic instruments used to support 
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a synoptic network for the forseeable future. The SXBT is 
well-suited for use on Ships of Opportunity which cannot 
slow down or stop to take an observation, while the AXBT 
can be used to provide data from areas off the regular 
shipping lanes. 

Chains and profilers attached to fixed and free- 
floating buoys are just starting to provide valuable sub- 
surface data. In the future, the systems may become a major 
source of synoptic reports - particularly from the more 
remote areas. 

The primary parameter of interest in synoptic 
sampling is temperature. This does not mean that observa- 
tons from more sophisticated measuring systems such as 
STD’s are not useful in synoptic programs; indeed, they 
should be the primary contributor at fixed ship locations 
and a secondary source for research sections at irregular 
intervals . 


3 . 3 Communications and Codes 

Code forms for subsurface observations approved 
by the IOC and WMO are considered to be adequate. Commu- 
nications procedures for transmission of subsurface reports 
to shore collection stations as well as procedures for 
collecting such reports into bulletins for international 
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exchange are marginal at best. More emphasis needs to be 
placed on improved communications if a truly synoptic 
oceanographic capability is to be realized. 

3 . 4 Data Collection Programs 

The Cooperative Oceanographic Observation Program 
(COOP) in the U.S. is a good example of what can be accom- 
plished in the way of synoptic sampling from Ships of 
Opportunity. The COOP sponsor provides SXBT launchers, 
recorders and probes to selected cooperative vessels. 
Volunteer observers typically make two soundings per day 
while underway for transmission to a centralized analysis 
center. Automatic digitizers and tape punching units are 
provided to those ships equipped v/ith radioteletypc 
facilities. 

The COOP concept could be expanded significantly 
even to Southern Hemisphere oceans, .under the leadership of 
IGOSS. If a group of countries were to supply the necessary 
equipment and expendables plus a minimal maintoncince effort 
at key ports, many more shipping routes could be covered. 
Vessels of the USSR, Japan and the Scandinavian countries, 
which engage in w’orldwide coiiuucrce and fishing, would be 
ideal platforms for an internationally organized data 
collection program patterned after COOP. 


PAGE IS 
Gl’ POOR QUALEK3. 

13 




4 . 


DESIGN OF A SYNOPTIC NETWORK 


The draft proposal for an IGOSS Basxc Observational 
Network (BON) was designed to support the follov/ing : 

a. Shipping operations 

b. Engineering operations at sea 

c. Fisheries researcli and operations 

d. Aqua-culture research .and operations 

e. Evaluation of the consequences of man's 
activities in the sea 

f. Atmospheric modeling (and synoptic 
prediction) 

In this paper, we have stressed the need for subsurface 
oceanographic observations in support of synoptic atmos- 
pheric prediction covering two to five days and possibly 
longer periods. 

The design of a minimum BON should be based upon a 
specific goal - that is, realization of a capability v;hich 
will satisfy the basic requirement while being realistic 
in terms of cost and simplicity. It should make maximum 
use of platforms already available (this is the ma^or cost 
item) ; it should provide the horizontal resolution and geo- 
graphical coverage needed to adequately define the subsurface 
structure, and it should provide for observations at suffi- 
cient frequency to handle the time clianges of interest. 
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4 . 1 Platform Availability 


Maximum use should be made of fixed platforms 
which already exist — Ocean Weather Stations (OWS) , buoys 
and offshore oil/gas production platforms. The remaining 
network portions can only be covered by new buoy stations , 
extension of Ships of Opportunity programs and, in a fe\; 
cases, special monitoring by research vessels and aircraft. 

It has been conservatively estimated that the 
world's shipping inventory consists of more than 50,000 
vessels over 500 tons. These ships offer the best and 
cheapest means of providing the widest data coverage, simply 
because there are a great number at sea at all times. An 
internationally organized and coordianted Ship of Opportunity 
program must be a key element of the IGOSS observational 
strategy if the BON concept is to succeed. 
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4 . 2 Location of Stations (The Water Mass Concept) 


Selection of the stations which are to comprise 
a subsurface observational netvrark is an important and 
difficult task. Our goal is to arrive at a network con- 
figuration which will support realistic subsurface analysis 
based upon a minimum number of observations. 

A regular latitude/longitude array is easiest to 
lay out and facilitates later numerical analysis. However, 
such a network (a) does not make optimum use of existing 
fixed stations, (b) does not necessarily fit shipping routes 
because of geographical constraints, a.nd (c) does nor. take 
into account natural boundaries and homogeneities i/hich are 
found in the ocean. In areas where the spatial variability of 
temperature ai. D'ixed depths is small or^ can be represented 
as linear functions of latitude and longitude, only a fe\.’ 
stations are needed. This reasoning suggests that we should 
use the water mass concept as a basic consideration in 
arriving at a minimum observational netv.'ork. 

The shape and bathymetry of ocean basins, tidal 
forces, thermohaline structures, surface wind stress, and 
the earth's rotation combine to produce broad circulation 
patterns in the oceans. Even thougli surface wind stress 
can be quite variable, these oceanic circulation centers 
do not have random locations in the area. As a consequence, 


original PAGP 
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major current systems in the world's oceans tend to be 
quasi-stationary and to form the bounds for somewhat homo- 
geneous water masses. Figure 4-1 shows the approximate 
boundaries of the upper v^ater masses of the ocean. 

For more than half a century, geographers and, 
oceanographers have labored to standardize v/ater mass types 
and delineate the major water mass boundaries. One of the 
first such attempts was by Helland (1916) . Wiist, in 19 36 
and 1939, published two very basic papers which catalogued 
the oceans into the 62 separate divisions shown in Figure 4-2. 
At about the same time, Schott (1935 and 1942) devised a 
somewhat different breakdown, for Schott's chart depicted 
the 35 natural regions of the ocean shov;n in Figure 4-3. 

In other years, Dietrich and Kalle (1957) devised the regional 
structure of the oceans shown in Figure 4-4. The meaning of 
their notations is given in Table 4-1. 

While Figures 4-1 through, 4-4 show some of the best 
known works on global depiction of water mass regions, a 
large amount of literature is also available concerning a 
typology for smaller regions and studies of one or more 
special features. Figure 4-5 shows a chart for the North 
Atlantic and Mediterranean areas (prepared by the U.S. Naval 
Oceanographic Office, 1967) , showing areas where subsurface 
profiles have similar characteristics. An even more detailed 
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FIGURE 4~1: Approximate Boundaries of the Upper Water Masses of the Ocean 

(from "The Oceans", by Sverdrup- Johnson-Fleming , 1942). 














FIGURE 4-4: Regional Structure of the Oceans 

(after Dietrich and Kalle) 
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TA13L13 4-1: Notation'; iTor Regional Structure of the Oceans 

(after Dietrich and Kalle) 


Oracle - Current Rcp;jon Throughout the year steady to 

very steady currents toward vest 

V 

Pe~ vith strong component towards the cguator. 

Pv-' clear westerly current. 

Pp- vith strong component towards the poles. 


Equatorial Current Region 


At tines or throughout the 
year easterly currents close 
to the equator. 


Monsoon Current Heprion 


Regular reversal of the current 
in spring and autumn. 


Mt- Lo^^'cr latitudes (snail changes in surface temperature) 

ng- Medium, and higher latitudes (great changes in surface 

temperature). 


Hox'se - Latitude Region 


Fr^ec “ Bean Region 


Wcst;:ind - Drift Region 


At tines or throughout the 
year weak currents vith 
varying direction. 

Throughout the year strong 
currents as runoff from Trade 
Current Region. 

Througlitout the year varying 
easterly currents. 


V/c- on the equator side of the oceanic polar front. 

V7p“ on the pole side of the oceanic polar front. 

Polar Region At times and throug)iout the 

year covered witli ice. 

t 

Pc- O.utor polar regions; covered vith pack icc during winter 
and spring. 

BJ- Inner polar regions; covered with icc througliout the year. 
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FIGURE 4-5: Regions Which Have Similar Subsurf e 

Oceanographic Office, ]9>7). 





breakdown, with typical profiles, has been published for 
the Eastern North Atlantic by the French Service Hydro- 
graphique de la Marine (1967) . The list of authors v;ho 
have contributed to the development of v/ater mass concepts 
in the ocean is voluminous; a few of the more important 
papers are shown in a special bibliography in the Reference 
Section of this report. 

4 . 3 Distribution of the Netv^ork of Stations 

(The concept of spatio-temporal variations in the 
water temperature) . 

With a view to establishing a network of ocean obser- 
vation stations rationally distributed so as to provide a 
.qualitative synoptic analysis and prognosis of the subsurface 
layer of the ocean (500 m) , special research has been carried 
out on the spatio-temporal variations in the water temperature 
of the ocean. 

A statistical analysis of these observations as to 

the magnitude of the standard deviations of the surface vjater 

temperature (a) and the numerical characteristics of the 

temporal variations in the water column has provided a means 

of dividing the ocean into regions in terms of the infinite 

value o' (a* = — ^) and determining the distance between 

max 

observation points in the ocean in each such region. (See 
Table 4-2 and Figure 4-6) . 
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A map of the distribution of the station netv.’ork 
has been drav/n up (Figure 4~7) on the basis of the data 
obtained . 

The analysis of observation data has also shown that 
the diurnal variation in the surface water temperature corre- 
lates closely with the maximum diurnal variation in the tem- 
perature of the water column and is equal to 2a = 2a) . 

The relationship thus established makes it possible to deter- 
mine the daily frequency of observations at each point: in the 
network required to obtain a sufficiently accurate value of 
the average diurnal v/ater temperature. The frequency of obser- 
vations is fixed in accordance with the estimated nomogram 
(Figure 4-8) . 

Thus, if v?e know the standard deviation values 
(a, o', a ,, and a ) we can divide the ocean into homogen- 
eous regions and determine the number of stations and the 
frequency of observations in each of them. 

This approach to the problem of the spatio-temporal 
discontinuity of observations in the ocean is based on physi- 
cal factors, but its results are very similar to those at- 
tained by means of the "water mass" concept. 
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4 . 4 Froquency of Reporting 


If we accept the thesis that broad regions have 
serai-homogeneous characteristics and can be sampled by a 
few stations, we still need to determine how many is a fev7 
and how often should reports be required. Figure 4-9 sho\?s 
the original XBT profiles (top) and parameterized profiles 
(bottom) taken during a special study north of Hav/aii in 
August 1968. The upper mixed layer shovjs a nearly linear 
variation with latitude from 2 2N to about 4 ON and from about 
4 6N to 54N v/ith a transition zone in between. T\vO to three 
XBT observations on either side of the transition zone \.'ould 
define the gross thermal structures in the tv/o na^or \;ater 
masses • 

Figure 4-10 shows the results of detailed sea 
surface temperature studies along the same section north 
of Hawaii. The top two graphs compare numerical analyses 
based upon ship data (FNWC) with Airborne Radiation Ther- 
mometer (ART) recordings; the graphs are about five days 
apart. the third graph shows the changes which occurred 
over this period as measured by one of the instrument system 
Notice the transition zone from about 4 ON to 46N with weaker 
gradients on either side. To adequately detect the warming 
which occurred during this period, one observation per day 
would have been required. 
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Rocordincjs of SST for Latitudina] Socrion 
North of in August 19G8. 
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FIGUR2 4-11: SXBT Soundings and Sectional Analysis of Subsurface Isotherm 


Changes Revealed by T)',rec COOJ’ Snipe. 
1370. (from COO? Repocu 1970) 
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5. 


A PRELIMINARY NETWORK 


In the preceding sections, we established a requirement 
for a Basic Observational Network (BON) to support synoptic 
subsurface analysis. One of the major uses of these analyses 
would be to specify the ocean thermal reservoir as an input 
to numerical atmospheric prediction. We have also outlined 
the logic for a netv/ork based upon the concept of daily 
sampling at a fev7 points in major water mass areas. It is 
believed this would provide the minimum desirable coverage 
in the most important water masses. 

Figure 5-1 shows the proposed network of stations 
which should serve as the IGOSS goal to support subsurface 
analysis. This water mass chart and the stations plotted 
thereon represents an attempt to reconci le the most important 
features from all the sources discussed in Section 4 and 
provides several points in each area. This is a realistic 
configuration, and the desired coverage of at least one 
sounding per day near each point can be achieved in vir- 
tually all areas through the judicious selection of Ship- 
of-Opportunity and Research vessels. Shipping charts 
published by the WMO show that only a few areas in the South 
Pacific may have to be covered by alternative sources. 
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FIGURK 5-1: 


Chart Showing Major Water Ma'^:s 
Proposed Minimum Observational 
Subsurface Analysis. 


Areas \.jtli 
Mct'.;ork for 
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Table 5-1 summarizes the above chart and gives the 
estimated BATHY requirements for meaningful subsurface 
analysis if two observations per day were requested from the 
vicinity of each point. The TOTALS shov/ that approximately 
ten times the number now received would be required for 
twice-daily analysis on a global scale. 

The location of the stations are not meant to be fixed 
and perhaps the chart sho\?n in Figure 5-2 is a better re- 
presentation of how the number of observations daily is 
represented by a number of reasonably located points (pre- 
sumably not all in one liiie) which will provide the basic 
information needed. Some of the boundaries are relatively 
fixed in location. Other boundaries will shov; day-to-day 
or seasonal variability and VJith unusual wind conditions, 
some of the bou^idaries may disappear altogether at some 
times. In spite of these imperfections in the concept, 
the attainment of this daily coverage of soundings is con- 
sidered necessary to provide the basis for analyses and 
predictions which can in turn be used to refine the obser- 
vational strategy still further. 

Also, the water-mass coiicept will not generally apply 
in the following areas: 

1) within 100 miles of land, 

2) where the water is less than 100 fathoms deep, and 

3) in areas of ma^or current boundaries. 
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PRIORITY OF AREAS FOR ATTENTION 


Since the IGOSS program is achieved through the vol- 
untary efforts of the member states of the WMO and IOC, the 
areas in which these member states are willing to expend 
effort to obtain a basic coverage will probably be the 
first to achieve a satisfactory observation density. Never- 
the-less, certain abstract principles should apply in 
determining priorities. High priority areas should include 
those in which the present observational density is lo\’, 
areas which have been shovm to have important qualities for 
atmospheric telecommunications (Flohn, 1965; Johnson, 1975; 
Bjerknes, 1969) , and also areas of particularly high in- 
fluence (Hansen, 1370). 
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DEVEL0PKa3NT OF SPECIFICATIONS 
FOR 

SURFACE Al'ID SUBSURFACE OCEANIC ENVIRONMENTAL DATA 


An effective Oceanic Environmental 
System, of necessity, xnvolves very complex 
elements. Since many critical decisions are 
it is possible to implement such a system, 
need to assist the essential decision making 
highest level so that the interaction of the 
financial elements of the complete system may 
dynamic and intelligible manner. 


Data Collecting 
and interrelated 
necessary before 
there is a ma]or 
process at the 
functional and 
be grasped in a 


In viev; of the obvious complexities faced, ir is 
suggested that perhaps a multi-phasic effort may be 
appropriate, such as the following: 

1. Generate supporting information and devise methods 
of presenting the information so that essential 
system decisions may be made. 

2. On the basis of decisions made in phase ] . , design 
the system in detail. Implemient proper hardware 
and performance specifications for procurement. 
Generate appropriate tests and calibracion 
specifications. Specify acceptance criteria. 

3. Develop system implementation schedules and related 
hardware procurement schedules. Formulate and 
define elements of supporting structure and ongoing 
logistics and hardware documentation needs . 

Historically, oceanographic instrumentation and sensor 
development have proceeded in an almost haphazard fashion, 
frequently as follow-ons to specialized instruments developed 
for small-scale oceanographic research programs. Most 
instruments are now built for a price and a specific market 
potential. In general, government procurement practices, 
along with other consiimers, have tended to ignore instrument 
reliability. They have almost universally been unwilling to 
pay the initial cost for high reliability and have tended to 
choose cheaper, less reliable instruments and to depend upon a 
rather massive system of maintenance and repair, involving 
technicians and engineers at every point. It is now quite 
apparent that this method of procurement has not been vci'y 
successful. Government figures shov\? that it as immensely 
expensive and that it may cost any\ihere from lOX to over ]00" 
of an instrument's initial cost simply to keep it operatjonal 
for one-year. It is further evident that one of the 
consequences of such policy, as presently practiced, leads to 


ORIGINAL PAGE IS 
OF POOR QUALITY! 



- 2 - 


an almost unmanageable annual budget, simply for maintenance 
and repair. There is, thus, a unique opportunity to 
re-evaluate the way in which we have been proceeding in 
instrument and hardware procurement and to examine carefully, 
in detail, the interrelations betv?ecn the requnrements of 
various models and analyses and the data acquisition costs in 
relation to acceptable data resolution errors, along with data 
telemetry, upon the models and analyses. 

As a further historical reference, oceanic data 
collection systems have evolved essentially as 
people-intensive systems at every level. It is not presently 
possible to devise systems that can operate without people, 
but it appears appropriate to examine projected data 
collecting and processing systems to determine where it is 
essential to use people and ro give special attention to the 
machine/people interfaces. 

Another factor should be considered, since most of the 
data which v/ill be collected v/ill, in one vray or anothe„ , be 
ultimately archived in data banks. Entirely aside from r.he 
impact of bad data upon modeling, it appears necessary to 
consider the consequences of the "pollution" of data banks by 
the bad data. 

As an imperative task, it V70uld appear appropriate to 
examine the entire concept of "people i^roblems" . This \rill 
have to do with all aspects involving people from perhaps 
recruitment, through rraining, to even considerations of costs 
chargeable to a leal system, due to allocation of funds \ 7 h 1 ch 
is necessary for reuirement {pensions, etc.) of rhe people 
involved. There are also problems relating to logistics, 
which may be further broken down into rransporration, the 
necessity of raainhaining spares, the people and space costs 
relating to maintenance inventories, and instrument repair and 
technicial training facilities. All of these parameters do 
figure in actual systems' costs. It may be advisable to 
develop a current, rather popular concept, at least being 
utilized by the Air Force and the Pentagon, under the general 
term "buy to cost". This is meant to be the total system cost 
over a period of "X" years and not necessarily the initial 
costs . 


There V7ill be a significant interaction between the 
sensitivity of the models 7'd the accuracy, as v^cll as the 
resolution band, of the rc-_ .rod data. As a subsection to 
this aspect, it would be a* sable to give attention as to the 
weighting of all data witl. , aspect to accuracy, reliability, 
etc. It is assumed that tlic model docs not react with the 
same sensitivity to c\ll jneasurod parameters. Therefore, such 
weighting should bo developed. Considerat.i on should also be 
given with respect to the basic system design, whether it is 
to provide for future increases in gj tlior accuracy or 
sensitivity or both for the data collection. An appropraato 
design will effectively tend to resist obsolescence and 
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providc for upgrading at ininimuin cost in the futu3"0,^ should 
this prove desirable. 

System readout time (time required to collect data from 
the entire system) is an important design and cost parameter. 
Decisions will have to be made early on v;ith respect to this 
function. (Part of Phase 1 consideration) 

Since an overai 1 systems reviev? and systems design is 
exceedingly complicated, it may v/ell be appropriate to 
consider a computer program for support of the system design 
and perhaps develop software for tne use of computer 
interactive graphics so that it will be practical to visualize 
the inteiraction of the various parameters and costs, as they 
are varied. This should also make possible the clear 
understanding of the benefits and penalities due to the 
variation of selected parameters in the system design. 

It would appear that this is an opportunity to make 
what might well be considered essentially a fresh start in the 
whole process and mechanisin of collecting data from 
large-scale systems. This being the case, it appears to be 
highly desirable to approach the entire problem from the 
standpoint of systems engineering. This X7ill involve the 
development of innumerable subsystems and the relationship and 
interactions between them. It is assumed that it will be 
possible to develop a suitable algorithm for these 
relationships. Since this v;ill probably be one of the first 
opportunities to look at a system of this type reasonei bly 
objectively, it will be difficult to arrive at a unanimous 
agreement as to the nature of various interactions and, as a 
consequence, will complicate the de ^/elopment of the 
appropriate algorithm. 

The entire relationship of instrument reliability and 
cost will need to be developed extensively and provisions made 
for optimization. System reliability must be determined for 
every point and perhaps related to the number of data points 
collected in the entix'e system and the consequences of the 
loss of a portion of the data. Data loss, undoubted] y, is 
highly significant when there are few raeasurnng stations, but 
the loss oi a station becomes less significant as the number 
of stations increases and some jueans of quantizing these 
relationships is desirable. It would also be assumed that a 
given station would be sensing numerous parameters and heie, 
of course, as mentioned ear2ier, it will bo necessary to 
develop a means of cstabla shing the ranking or priority of any 
given parameter in relation to the overa] 1 system funcL-Jons. 
Here, the question is precisely the dependence of the mode] on 
the various parameters and the different ways in which the 
model reliability will degenerate when different typos of 
input arc in error or missing. 

Another consideration which should be given is 
precisely to what extent automation of the system is feasible 
or appropriate and this, in turn, depends upon the entire 
system requirements. A significant point hero, as deveve loped 
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in the JBOND paper, is that it becomes very easy to handle 
problems relating to changes of data format, etc. 

There have been serious problems encountered in the 
past with respect to procurement of hardwa3:e, etc. by 
government agencies. ' It would be well to profit by mistakes 
of the past and to take steps that v;ill facilitate obtainang 
the desired quality of product. To begin V7ith, this meajis 
that clear-cut specifications must be devcvelopcd, f^ree, 
insofar as possible, of misinterpretations and ambiguities. 
Aside from being precise about instrument and performance 
specifications, in viev/ of the fact that no recognized 
national or international standards present] y exist foa: the 
calibration of most marine instruments, it is considered that, 
at a very minimum, the procurement documentation should define 
hov/ the instruments are to be tested and \;hst is considered to 
be acceptable and unacceptable performance. 

From the standpoint of instrument specif icata ons , there 
is a serious problem v/ith respect co hov? tests are uo be 
carried out, etc. v’ith respect to proving the design from, the 
standpoint of reliability. The difficulty here is that, since 
reliability is often specified in thousands of hours, there is 
no realistic V7ay to carry out tests in real time and, as a 
result, specialized methods have been developed uo give 
statistical significance to more abbreviaued uesuing. There 
are a variety of methods that hai^’e various degrees of 
acceptance which are considered appropriate for the 
demonstration of valid performance in lieu of the real tipie 
testing- These should be carefully selected and spelled out 
as to hovj these are to be applied. It should also be 
explained that, since this may be considered a so3'.ie'i;hac 
controversial area, suggestions and comments from the 
prospective suppliers, especially on this point, would be 
welcome . 

In viev 7 of some of the problems stated in earlier 
paragraphs with respect to technical specifications, etc., it 
would seem appropriate to include in the documenLs, espcciaDly 
in the procurement documents, albeit this is some\v’hat unusual, 
a glossary of terms as used. This would be an effort to avoia 
misunderstandings and to be certain that the terms mean ihe 
same thing to all parties concerned. 

It does not appear that any large-scale system 
employing data telemictry, presently being contemplated, may be 
considered which depends 100*5 for transmission via satellite 
or IIF radio. The complicating factor is that the costs of 
stabilized dish antennas for use on shipixia^'d have been 
running substantially higher than origina]ly anticipated. 
Co.sts are presently ranging between $ 30,000 and $ 50 , 000 , 
exclusive of radio equipment. This means that retrofitting 
older ships with satellite communication capability will bo 
exceedingly slow and, for that matter, may never be universal. 
However, the relatively high cost of the antenna system is >c>t 
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so prohibitive for new ship construction. The conclusion here 
might well be that IIF frequencies v;ill be required for many 
years to come and that it is essential 'to accept this as a 
fact. If HP is, indeed, to be retained for data transmission, 
it is exceedingly important to shift all marine data traffic 
from commercial IIF circuits, used for ship-to-shore service, 
to the specialized HP frequencies set aside for oceanographic 
data communications. It should be further emphasized that, if 
HF is to be employed, this \7ill mean a parallel program must 
be undertaken for upgrading or installation of a fev? IIP 
receiving systems at carefully selected, optimum sites. 
Costs, etc. should be developed for various means which \;ould 
need to be undertaken to accomplish this shore automation. 
This is essential if automation of the system is to be pursued 
and to eliminate the inordinate delays on cojTimercial circuits 
and the problems V7ith ships radio operators. 

It is considered beyond the scope of the present 
document to go much into detail with respect to the future of 
data telecommunications. It is perhaps appropriate to point 
out that there are other alternatives to the liARISAT and the 
other, rather expensive, stabilized dish antennas. For 
example, the U.S. Navy, V7ith the assistance of Motorola, has 
developed the SSR-1 shipboard satellite communications system 
which does not use a stabilized dish antenna but rather four 
fixed antennas utililizing pre-detecuion electronics. Tiie 
present costs to the Navy for a ship installation, complete 
v.'ith coax cables, antennas and associated electronics, is 
presently $20,000. Motorola estimates t'le cost for commercial 
production on a basis of 200 units at no more than $11,000, 
including electronics. Further down in the cost spectrum, is 
the present, rather simple electronics and antenna systcr.'S 
being employed on some of the NDBO data buoys communicating 
with the GOES satellite, which are. very modestly priced and 
are operating at approximately 100 bits per second. 

One point, however, which does appear clear at present 
IS that it will probably be cheaper, for shipboard, buoy, and 
shore-based installations, to utilize completely independent 
and preferably automatic systems, working at modest data bit 
rates, rather than trying to piggyback with very expensave 
systems . 

It may well be that this is the very first opportunity 
that has occurred to design and. engineer a complete data cuid 
processing system from the systems engineering standpoint. In 
the past, it has, to a large degree, been necessary to accept 
and incorporate oceanographic and meteorologica] in.strumonts 
which are generally available and accept the eonstraants \;hach 
they impose. As mentioned, this as probably the first 
opportunity to let the model and analyses rcquiJ-cmcnts diivc 
the instrument and sensor specifications and not tlie revoj'se. 
At the prcscjat tame, no manufactui'cr spocifa cs the M'J’BF (I'iCvUi 
Time Between Failure) on marine or meteorological instruments. 
Rather, the major emphasis is oai "easy rcpairaba J ity " or 
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"maintaxnability" . This is a rather tacit admission that 
there are reliability problems and deftly sidesteps the \/hole 
instrument reliability question. Such a policy inevitably 
locks the customer into heavy operating and maintenance costs 
with substantial capital investments in spares with the 
supporting technicians and logistics. 

An exceedingly important aspect of systems costs 
relaues to the maximum accuracy and resolution of the required 
sensor instrumentation. This, in reality, should be dictated 
by the requirements of the models and analyses v;hich will 
utilize the data. It must be emphasized that excess accuracy 
and resolution beyond that \7hich is considered essential for 
modeling purposes is exceedingly expensive and cannot be 
justified. Ir should also be pointed out that data accuracy 
and resolution beyond those v/hich are essential also adversley 
iTipact upon the costs relating to instrument reliability, as 
v;ell as overall system performance. Though it may appear 
obvious, it is perhaps appropriate to point out rhar the lo\;er 
the risks of a system malfunction, the higher the reliability. 
For all practical purposes, these may be considered reciprocal 
relationships. For example, an instrument vdiich possesses lo \7 
reliability will, in fact, have a high risk of failure or 
m.alfunction. It also appears that there is no practical way 
of designing a system or instrument presenting a zero risk, 
since this would also mean that the instrument v;ould be 
infinitely reliable. The real challenge is to devise a sysrem. 
capable of performing at an acceptable level of risk and at an 
acceptable cost. 

It may be highly desirable to consider rhe pros and 
cons v?ith respect to rradeoffs between high accuracy data and 
a few data points versus more numerous data points and lower 
data accuracy in relation to model needs and consumer 
requirements. 

There is a need to examine objectively the kinds of 
data products required, as well as how to present or display 
data products. Attention also needs to be given V7ith respect 
to possible archiving requireiaents . Decisions should be made 
with respect to "quick loolc" requirements and at v.'hat point in 
the system this is desirable or essential. The "gu3ck look" 
capability, if required, should be carcfuiiy engineered and 
designed for the optimum presentat j.on of data for people 
interpretation. It is essential to examine the system as a 
whole, not from the present, convent. .i onal viewpoint but wheit 
may be desirable for a completely revised and new system. 

As a convenience in interprct-ing and ob&c'rving data, it 
is clear that the system's data flow could be monitored by 
microcojnputcrs cxnd be desjgncd to sound alarms or signal .s. It 
would be ncces-sary to provide adequate memor: as for the 
microcomputers so that they could present the cr.itical data to 
an appropriate display system. Such nucrocomputcr sysicms 
could sound alerts to any pre-selected environmental situation 
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\;hich may bo based upon real time values or rates oX change of 
the parameters and even speerf j c parameLor jntcracticn. 
Dedicated microprocessors may have great merit in this 
expplication . 'J'hose could be keyed also to geogra}hnc 
locations, which may bo of sixccial interest or requjrc 
essential monitoring, such as largo cities br industrial or 
marine facilities. Sucji a system, made possible by 

microcomputers or microprocessors, for monit-oinng spccxfic 
param.eters would appear to bo essential sjnee the huge j.iass of 
data vdnch indaviduals are called upon to interpret Lends vo 
guarantee that there v^rll bo a possibly unaccopl ab]c, bm]i.-in 
time do] ay before a potentially dangerous situation ma_ be 
recognized. To a large degree, such a provision icmovc-^ r’l'i 
burden of a constant alert from individuals. Further:, i- 
should be clear that dedicated micirocojrputo'^ or un croprocessor 
moniLOiing syste'm:; v.’ould become i ncroa s.ing.l y -valuable as x:irc. 
goes on and a bettor understanding of the involved pi-ocescos 
is gern c.ted. 


A major problem of any large-scale systci; 
sys tcm/people interface. It is quite oovioui' 
large-scale delta collecting system can easily 
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that document: 
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In order to minimijje opcrciting co.^ts and to 
improve system reliabiJity, it is strongly a:ecom- 
mended that no maintenance or servicing bo attempted 
on equipment when at sea. Technical service \/ould 
only be supplied or utilized in port by trained 
personnel. This jnethod significantly reduces both 
the initial investment and operating costs by min- 
imizing the amount of electronic equipment spares 
required and further minima zes the amount of 
instruction or technical training needed since no 
seagoing personnel v/ill be expected to do any maan- 
tenance or servicing. 

The implications contained in the above paragraph \;ere 
purposely minimized in the IBOND document but, for the present 
purposes, it appears appropriate to develop them furoner. 
Some of this is treated in earlier paragraphs bur additional 
comment is perhaps appropriate. Due to the generally accepted 
poor reliability of marine and meteorological instuments, 
there has been no alternative but ro support them with very 
costly logistics. 

With the acquisition of more and more instruments for 
use in marine data collection programs, there hos been s 
parallel increase in the total number of marine technicians 
and personnel required for maintenance, repair, and operarion. 
It is becoming increasingly clear that the acquisition of an 
environr'ental measuring instrument tends to entail an increase 
in operating overhead for the period of its useful life. 
There is distinct evidence that this overhead figure is 
tending to become almost unmanageable. The overhead cost of 
instruments is essentially a hidden cost and, since it tends 
to increase over the years, it is not at all iiTipossible for 
the "hidden costs" to exceed the amount of money available for 
new instrument acquisition. 

Oceanographic research in particular, o^^er the years, 
has proceeded to a high degree on a hand-to-mouth basis \71th 
little attention given to examining objectively the methods 
and related costs of using instruments. In view of the rapic 
and inexorable increases in the cost of using oceanographic 
instruments, it appears imperative to examine \;hat \;c may do 
in order to improve the situation. A driving force in the 
consideration of oceanographic instruments is their consirantly 
increasing complexity and sophistication. Unfortunate L}/ , this 
increasing complexity is not accompanied by 2 nercased 
reliability. It is evident, under the present trends, that 
instruinent technicians will need steeidily jncrcasod levels of 
training. This means that the financial investment in m.iri nc 
technicians will bo steadily increasing. Considering the 
attrrtron rate of technicians and the need for more oxtonsjvc 
training for recruits, the impact on budgets is predictable. 
On the plus side, the rncreasing sopha sta cation of instruments 
which make use of rapidly advancing technology — ospcci<illy 
in electronics moans that instruments arc capable of 
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making more accurate and more rapid moasureaicnts of more 
paraitieters \diilc the inforraatxon output may be supplied in a 
computer compatible format. All of this is done walh a 
generally declining cost per circuit. Unfortunately, the cost 
per instruinent is constantly increasing, though the cost per 
circuit is decreasing since there are now many more circuits 
incorporated in one instrument. The above general changes in 
instruments, unaccompanied by a substantial increase in 
reliabil3 ty , v/iil force ma;]03: changes in tlie way technicians 
are being used. These trends require significant increases 
for instrument maintenance and repair tcchiucians. 
Importantly, some of the technicjans will be needed on 
shipboard at sea where the increased numbers pose serious 
problems in the uses of discretionary ship space and 
contribute tov/ards large cost increases. 


Classical methods of handling ins truinents used in data 
collection leave much to be desired, especially vd'ien we 
consider the high cost of missed measurements. Missed 
measurements basically stem from instrumenr malfunction. 
Instruments may malfunction for many reasons, some of \.hich 
are frequently obvious, especially after-the-fact, and some 
reasons may be quite obscure. In the final analysis, all 
instrument malfunctions are people related. The problems 
range from basically poor engineering on the part of the 
manufacturer to a moment of inattention on the part of a 
technician. 


It \TOuld be considered an essential part of an 
efficient and smoothly operating data collection system to 
establish and maintain a continuous record of the performance 
of each instrument. This would include many details such as 
its calibration dates, stability of calibrarion and, in the 
event of any defects, a failure analysis record. Only by 
maintaining records of this sort can any idea be obtained as 
to technical weaknesses and general efficiency such as 
instrimient utilization figures. Without maintaining records 
of this sort, it is almost impossible to head off any problems 
which show up in any given instrument design and especially to 
avoid problems in furure procurement. While record keeping 
iT^ay appear to be unproductive from the admjnis tratJ ve 
standpoint, it is vital to the successful continued operation 
of any data collecting systcan. 

In view of the undoubted requirements for improvoment.s 
in instrument reliability, and technical characterislJ c:-. , it 
IS appajrent that at least a 3nodcst amount of R&D would be 
necessary for the development of satisfactory instruments for 
the proposed system. Throughout this document, there have 
been many references to the necessity of designing cqu.Tpmcnt 
with a high reliability. As mentioned in earlier jiaragraphs, 
this cannot be looked at as an isolated system parameter but 
rather must be examined in light of ovorcill requircnionts . The 
problem, of course, is that improved reliability has a price 
tag and the selection of an optimum MTHF (Mean Time Between 
Failure) is an exceedingly important decision. 
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The followincr are cxcorpts JTrojn a docuniont previously 
prepared dealing with this question; 

1 

I became involved \;ith a similar problera a 
few years ago in connection \/ith the manufacti;rG 
of receiving equipment for shipboard use to c?itnin 
fixes from the Navy Navigation Satellite. We were 
faced with an exceedingly costly operation if we 
follov7od conventional methods, such as training 
engineers and technicians to maintain the equipment 
and to stock the necessary, very costly, spares on 
the various ships and shore-based estab-lisimients. 

I have data from an unpublishod study, :uade at thc^t 
time, V7hich showed, rather convj nc?_ng] 7 , that very 
great sums of money \70uld be saved if tlie policy 
were established that no spares \;ould bo purchased 
for use in shore facilities or aboard ship and no 
engineers or technicians would be trained for fieJd 
repair and maintenance. This required tnac the 
Navy set up a small engineering support staff \ 71 cJ. 
minimum spares on the premises of me manufacturer. 

The spares and engineers were available on a moment's 
notice, 24 hours a day, to fly immediately v^horevci: 
a ship was in order to effect necessary repairs. 

The entire operation could not even have been con- 
sidered had the MTBF been a small number. The 
magic number which \ras selected '.ras 5,000 hours 
v^hich experience has shov,'n was quite adequate and, 
fortunately, the equipment is no*.; approaching, in 
actual use, a figure of 10,00 0 hours liTBF and has 
a rather enviable repucation for reliability. Sor-.e- 
thing of this sort, at lease in part, I feel can be 
very useful! y employed in the area of oceanograptic 
instrUiTientation. However, this u'ould require 
almost industry-wide cooperation, etc. Therefore, 
there are considerable constraints as to ho\7 far 
one might reasonably expect to go in introducing 
significant changes. It \70uld seem, ho\7cver, that 
the present system is not \ 70 rk 1 ng and that v 7G can 

at least begin and part of the key is hou’ to 

begin progress to\jard longer j'T3l‘'s. At present, 

to die best of my kno\;ledge, there is no figure 
stated by any manufacturer of oceanographic instru- 
ments that can be used v:ith any degree of confi- 
dence relating to MTBF. 

In discussing the laatuer of not having spares 
at sea, it vjas very apparent from the academic 
reseairch community that this i.'ould simply bo in- 
tolcrablo and that technicians and spares must 
always go along with sliipboard cquipjnont. Tho 
basic point ]icrc was that the seagoing researcher 
did, in fact, accept and live with very signiLdeant 
amounts of instrument down time; however, since 
this was handled in the routine fashion by tochm - 
cians and spares in order to got the instrument 
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rcx‘>aired, there v;as no feeling of peer group 
pressure for not conducting the research rn an 
accepted fashion. They felt this would not be the 
case if one v;ere at sea with no spares and no tccli- 
nician when the instrument failed. The whole point 
here was that they had never had experience with 
high reliability instruments and equipment and did 
not properly oppreciate the tradeoff. This partic- 
ular policy, as jnentioned, is a success — not by 
vj rtue of the needs s ta eed by the users , but by a 
command dec 3 sion made nt the funding level . 

It should be apparent that with a reasonable 
MTBF, it may well be cheaper to take along complete 
instruments as spares rot her than go to sea with 
spare parts for instruments. One point here is 
that, if one has spare parts, one needs techni- 
cians; also, if one has spare parts, the volume of 
space occupied by spares, as they are necessarily 
packaged, is usually significantly greater than 
that required for the complete instrument. This 
has a direct bearing on use on shipboard where 
space is restricted. Furthermore, this offers a 
greatly enhanced probability of getting all the 
required data. 

In either manned or unmanned observing stations vdiere 
data are especially critical and essential, it shouid be 
apparent that, v;ith 100% redundancy in trie data acquisinon 
package the probability of lost data is exceedingly remote end 
almost unquestionably more remote than using conventional 
manned systems or "resident" technicians. 

It is perhaps appropriate to suggest that the 
engineering and design of various hardware elements of the 
system should not be done by potential manufacturers. This 
may seem rather an undesirable constraint; however, the 
manufacturers are all too often highly biased and look for\.'ard 
to producing equipment that can uti] ize previously engineered 
or fabricated subsystems or elements. This means that, in 
fact, they tend to lack genuine objectivity in the instrument 
design. While it may be true that such a procedure may, on 
occasion, result in a satisfactory end product, it shoulu be 
pointed out that this is, unfortunately, the exception. 
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1.0 INTRODUCTION 


To describe the "state of the sea" is to describe the 
total wave pattern at the ocean surface. At any place and 
time, the pattern is typically very complex and appears as 
an infinite number of individual wave components of different 
direction, amplitude and frequency. The total amount of 
energy accumulated in the composite wave motion (or sea state) 
is distributed over a v/ide range of frequencies. 

For many years, mariners have been reporting sea state 
as a part of the synoptic ship report. The synoptic code 
provides for transmission of information describing direction, 
period and height of the most significant \;ind-wave and svrell 
components. For about fifteen years, some of the larger fore- 
cast centers have been making routine numerical forecasts of 
significant V7ave parameters for distribution in a facsimile 
broadcast . 

In the past two years, synoptic observation and pre- 
diction of more complete ocean wave spectra has become rou- 
tine in the United States. The purpose of this paper is to 
present an overview of operational observation and forecasting 
of spectral ocean waves as now carried out on a synoptic basis. 
Optimum Track Ship Routing (OTSR) , offshore drilling, deep- 
ocean mining and coastal engineering are but a few of the ap- 
plications which require a complete specification of ocean 
wave spectra. 
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2 , 0 BACKGROUND 


For purposes of clarity, v;c usually separate sea state 
into two general classes of v/aves. Waves which are still in 
the local v/ind-generating area are called "v/ind waves" or 
"sea". Waves that have traveled out of the generating area 
are known as "swell". Wind waves are typically irregular, 
chaotic, short-crested and difficult to predict. Sv.’ell 
waves are more regular, longer-crested and somev,’hat more 
predictable. On the borders of generating areas, neither 
term precisely describes the total sea state. 

Surface v;ind speed is by far the most important 
parameter in controlling how high waves will grow; hov/ever , 
the length of time available for wave growth (duration) 
and the extent of the gro\/th area (fetch) are factors which 
cannot be neglected. With a wind of constant velocity and 
sufficiently long fetch, seas continue to grow with time until 
a steady state is reached; the seas are then considered to 
be "fully developed" (for that wind condition) . 

There is considerable disagreement among various inves- 
tigators concerning the length of time required to reach this 
steady state — and on the fetch length required to achieve 
growth to the fully developed sea state. Figures 2 -la and 
2-lb (from an article by Walden, 1961) show the growth of 
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significant Wave Height ^ function of direction and 

the relationship between fetch according to several 

different authors. 

The function v^hich mathematically describes the distri- 
bution of the square of the v?ave height as a function of 
frequency is called the "spectrum" of the wave motion. Since 
the square of the v;ave height is related to the potential 
energy of the sea surface, the same spectrum is also called 
the energy spectrum. If the individual components which com- 
prise a composite pattern of a fully arisen sea at a given 
v?ind velocity are grouped around average frequencies 
extending over small frequency ranges (Af) , the continuous 
distribution of an infinite number of components can be approx- 
imated by a finite number of components with different average 
frequencies, A series of sine waves can then be considered 
as "filtered out" of the total sum and their individual char- 
acteristics are approximated by the average frequency, f; 
period, T; wave length, L; and the average wave amplitude. 

If rectangles v/hose areas are equal to the squares of the ampli- 
2 

tudes lA(f)3 are plotted against the average frequency, f, 
we obtain a good approximation to the wave energy spectrum 
(Figure 2 - 2 ) . 

As wind speed increases, the area under the curve increases, 
and the maximum spectral energy shifts from higher to lowci' fre- 
quencies, As in the case for duration and fetch, researchers 
disagree concerning the frequency of maximum spectral energy 






ligux'c 2 2, Typical Finite ~ Difference Appro::ima,tion To 

The Wave Spectrum (from Piert.on, Neuman, and Jamo' 5 , 1955), 
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and the total energy V7hi.ch results from a steady state v.'ind. 
Figui'e 2-3 (also taken from Walden, 19 61 in Ocean V7ave Spectra ) 
points out the difference in shape of observed and theoretical 
spectral curves for wind speeds of 60 knots ^ 

Since various authors use different nomenclature to des- 
cribe the same features in v^ave spectra, it is often co!if using 
to compare results. Table 2-1 (from Dorrestein, 1961 in Ocean 
Wave Spectra ) is reproduced as a convenient summary of the 
terms associated with these authors. 
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Figure 2 - 3 , Vai'ious Wave Spectra for FulHy Ai'isen Seas 
with a Wind Speed of 6 0 Knots (froni V7aldon, J9G1) 
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Table 2-1. 


One-Diniensional Wave Spectra Nomenclatures Used 
by Various Authors. (from Dorrestein, 1961) . 
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3.0 SYNOPTIC SPECTR7\L WAVE OBSERVATIONS 


A raimber of spectral wave observations have been made 
using pressure sensors, wave staffs, accelerometer systems, 
etc. In genera] , these have not been made available for inter- 
national distribution on a truly synoptic tipie schedule. On 
3 December 1974, the NOAA Data Buoy Office (KDBO) in the United 
States deployed a largo d:scus buoy in the Gulf of Alas Cc. near 
56. ON and 147.9V*. This buoy \.-as equipped \;ith an advanced 
Wave Measurement (WM) system designed to observe and report 
spectral \mve data on a synoptic schedule. 

The \;ave measurement system consisus of a rigidly ."oanted 
accelerometer \.’ith its sensitive axas parallel to the buoy's 
< vertical center line. An onboard computer cemputes covariances 
formed from a series of digital samples at discrete intervals. 
These covariances are then transmitted to a shore communicat j cn 
station \’here a second computer generates spectral densities 
at fifty frequency intervals. These spectral densities as \.'el] 
as the significant wave height are entered immediately into 
Global Telecommunication Service (GTS) circuits every three 
hours for national and international relay. The buoy in the 
Gulf of Alaska has been transmitting spectral data continuously 
for a period of over nine months. A similar system \;as deployed 
off the U..S. East Coast near 36 . 5N and 7 3.5 W on 6 December 1974 . 
A number of synoptic reports were also received from tins Wave 
Measurement system before the buoy developed electronic prob- 
eventually disabled by a ship collision. 
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Figures 3-1 (a) through (e) shov? an analysis of spectral 

, p 

density (meters '/IIe3:tz) as a function of frequency (f in Hertz) 
and time at buoy EDO 3 in the Gulf of Alaska. The thin solid 
lines are contours of spectral density level whJ le the heavy 
dashed lines sho\7 the frequency of maximum energy. Local 
V7ind speed and direction are shov.ui by conventiojial \.'ind barbs 
(knots) . It is obvious that a smooth contour pattern can be 
drawn and that this buoy is dominated by longer-period swell 
from distant sources. 

Figures 3-2 (a) through (e) shov7 a similar analysis of 
spectral density measurements from buoy EBOl in the Atlantic. 
This location is obviously fetch limited and not so \;ell ex- 
posed to distant swell. Locally-generated ^7ind \raves ai 
higher frequencies are more common here. These plots are 
typical of the excelleiit continuity shown by these nev; sys- 
tems; they are all the more valuable because the reports are 
available in less than t\/o hours after observation time. 
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4.0 vSPECTRAL WAVE nODEES 


Due to the increasing demands from government and com- 
mercial interests, rapn d development lias occurred in the 
opei*ational prediction ol: sea state. Because of the complex- 
ity and magnitude of the effort involved in making \:ave 
forecasts for large ocean areas, numerical methods have been 
applied to solution of the problem. In general, uv;o basic 
types of wave models have been used - singular models and 
spectral models. The former attempt to predict the space/ 
time distribution of the mosu significanr component (s) \:±zs.~ 
out treating the co ''piece gro\;th, decay, transfer and pro- 


Wave modc3 s v;hich ante: pa to predict the form of che 
energy spectrum throaghoat th.a time/spare domain are commor 1 
known as "spectral" models. The general approach in these 
models is to decompose rhe observable composite \:a'^es into a 
set of discrete components to calculate the gro\;th, decay, 
transfer and proi^agation of the energy in each component alc"c 
several directions, and uhen, by statistical inference, to 
derive the composite \vave parameters. 

Spectral models make use of the basic energy balance 
equation : 


= -\Vg-VE(f,0) = S(f,0) 
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where E(f,0) Is wave energy density of the spectral component 
at frequency f and direction 0 at any space- time position, 

Wg is the deep water group velocity appropriate to that com- 
ponent, and S(f,9) is the surn of all sources and sinks of - 
energy for each component, , the growth/decay terms. 

The major differences among the numerous models \Thich have 
been used for numerical prediction depend upon (a) \:hether 
the S function in (1) is empirical or theoretical, (b) hov.'' 
propagation (the - Vg*VE term) is affected and (c) whether the 
model treats processes such as wave breaking and non-linear 
wave-v:ave interaction. A general outline of the most \;e3 l-kno-./n 
numerical wave models has been prepared by Dexter (1973). 

The Australian Bureau of Meteorology has carried our 
a series of comoarative tests for four different numerical 
models (Dexter, 1974) ; 

a. A singular model adaptation by Trajer (1966) of the 
numerical "wave ray" approach of Wilson (1961, 1963). 

b. An empirical spectral model designed by Dexter (19^4) 
which uses the fully-developed spectrum of Pierson 
and Moskowitz (1964) together with angular spreading 
by Neumann (1952) and an empirical dissipation func- 
tion due to Bunting (19 66) . 

c. The theoretical spectral model of Inoue (1967). 

d. The model of Barnett (1968) witli minor modifications 
to the growth aiid damping terms. 
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In essence, the tests shov;ed close agreement in most respects. 
The differences v^ere less than errors to bo expected tlirougli 
use of incorrectly specified marine \>’ind fields as the model 
driver . 


Other spectral models \/hich hsive had wndc operational 
use include the French Spectroangular models described by 
Gelci et al (1957) and Pons (196G) , the Mediterranean aclspt^i- 
tion of the Fierson-Mosko',; i tJi approach described by La'/anoff 
et al (19 73) and the Fleet fumorical feather Cesitral (FtfC) 
version of the Pierson/hYU model. All of thOEc model.s hc.vc 
shov.’n considerable iinprovemer.t over rhe srngular modc]£. ..see 
earlLei: for operational prediction of significant va^'c- rcighs 

(H1/3) , 
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5.0 SYNOPTIC SPECTRAL WAVE PREDICTION 


Two different versions of the Picrson/NYU approach are 
being used for synoptic spectral \;ave prediction iji the 
United States. One is based upon a rectangular grid systen 
on a Lambert conformal projection and is used only for limite 
areas where long-distance propagation is not a ma^or factor. 
The largest model covers all of the Northern Hemisphere and 
part of the Southern Hemisphere and is based upo’i an icosahe- 
dral gnomonic projection. Fourteen of the tv.'enuy hexagonal 
subprojections needed to cover the globe are no\; being sub- 
jected ro synoptic computation. Each subprojection has 325 
grid points; a speci-al orientation schome was chosen to 
place as many vertices as possible over land and to place 
edges over land/ocean boundaries. This projection v?as select 

for operational use because great circ] e segments are repre- 

/ 

sented as straight lines. 

Both of the models described above treat 12 directional 
and 15 frequency components at each grid point. The time 
step is three hours, but until August 197 4 the vm' nd fieDd 
was held constant for two time steps (6 hours) . The center 
frequency, center period and bandwidth of the fjftecn fre- 
quency bands are sho\,’n in Table 5-1. 
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Table 5-1: Center Frequencies, Periods and Bandwidths in 

the FNVJC Spectr£il Ocean V7ave Mode] . 


BAFD 

FRFQ(lIz) 

PERIOD (Sec) 

BANDWlD'j'H (Hz) 

1 

.03889 

25.7 

.005556 ^ 

2 

,04444 

22.5 

.005556 

wi 

.05000 

20 . 0 

.005556 

4 

. 05556 

18.0 

,005556 

5 

.06111 

16.4 

.005556 i 

6 

.06667 

15.0 

.005556 1 

7 

.07222 

13.8 

.005556 1 

8 

.07778 

12.8 

. 00 5556 , 

9 

.08333 

12.0 

.005556 

10 

. 09167 

10.9 

.01111 1 

11 

.10278 

9 . 7 

.01111 : 

12 

.11667 

8 . 6 

.01667 ; 

13 

.13333 

7.5 

.01667 1 

14 

. 15278 

6.5 

.02222 ! 

15 

.1 6393 

6 . 1 

.10000 j 
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six-hourly (scheduled to become 3-hourly) Mara no VMnd 
analyses aarc used to maintain spectral continuity in the 
analysis mode. A PJanetary Boundary Layer diacjnostac model 
is used to dearive forecast marane v.’inds from an Atmo.sphcric 
Primitive Dquation (PE) model. FNWC run.s the model to 72 
hours t\.'ice daily requiring a computational capacaty of ap- 
proximately 1.8 Million Instructions Per Second U'.IPS) to 
achieve a throughput rate of 30 minutes per forecast day. 
Outputs include a compleue frequency/direction spectrun 
(spectral densities) at any designated gri-d poant, total 
energies in any frequency or direction band, signaf leant 
V7ave height and percentage of v.’hitecaps. Significant cave 
height fields are machine contoured for transmission by 
computer-driven radio facsimile v.’hile spectral data are dis- 
seminated in the form of addressed messages. 
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6.0 SPECTRAL MODEL VERIFICATION 


The NDBO buoy-mountod spectral wave inoasuromont systems 

•s 

described in Section 3.0 provide an excellent mechanism for 
routine verification of spectral \.’ave forecasts. Figure 6-1 
is a scatter diagram of FNWC versus EB0 3 Sicjnificant Nave 
Heights January and February 3 975 . EB03 is tlic 

buoy located in the Gulf of Alaska v;hich has good exposure 
to s\/e3 1 from storms throughout the North Pacific. 

Numerous individual FNNC and EB03 spectral distributi or s 
have been compared. They vary from nearly perfect agreement 
to an occasional case \.=here the comparison is rather poor. 

In the latter instances/ one can invariably trace the cause 
to an incorrect specification of the marine v/ind fields usif 
to drive the spectral forecast model (due either to sparse 
data at analysis time or an erroneous Primitive Equation 
forecast) . 

Figures 6-2 and 6-3 show the moan spectral density dis- 
tribution as a function of frequency for FNV.’C and EB0 3 dun no 
January and February 1975. The FNWC Spectral Ocean Wave 
Model is obviously generating more energy in the center of 
the siJGctrum than is being measured by the buoy. It is be- 
lieved that lidding the marine winds constant for two time 
stops (6 hours) contributes to excessive grov^th. Wind fields 
arc nov-? being generated at 3-hour3y intervais and further 

ORIGINAL PAGE IS 
05) POOR QUALITY" 
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FIGURE 6“1: Scatter Diagram of r>U'7C Versus EB0 3 

Significant tvave ileights for January and February 1975. 



monthly mean spectral DGWSITY 




Monthly ml ah ^itctral dehsity (nvh^) 



'.’Jith rroqvaoncy {iM) Lor Tobruary 19 73. 
^■'wC (ool'd I’rv')/ 'b'dl (dp.' hod iJr.o) 


verification work is in progress to determine if model ener- 
gies are still systematically too high. In spite of the ob- 
served errors, the spectral approach has led to a distinct 
improvement in ocean vjave predn crion . Not only arc signrfi- 
cant \;ave height forecasts better, the user no\j has spectral 
energy distributions to support those applications \:hich are 
direction and/or frequency sensitive. 
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1 . 0 FUTURE PLAWS/REOUTREiMEN'J’S 


FNWC has outlined specifications for a global spoctreil 
wave mode] \/ith 15 frequencies, 24 directions and a mesh 
length of 90 nautical miles. It is estimated that a computei- 
capacity of nearly 50 ^5IPS will be requi rod to make synoptic 
forecasts at 30 minutes per forecast day. 

As pointed out by Dexter (1974) , the Barnett spectral 
wave model is one of the most complete no\.' available for 
♦operational use. The primary difference between the Barreto 
model and the Pierson/NVU model used by fkwc lies in the 
method of energy propag<ition , Uhile Barnett used secs of 
predetermined ray points along net'.'orks of fixed ray paol-s 
for propagation, the FidJC model calculates propagation by a 
finite difference approxiraatron of the en'=rgy gradient .oe- 
tween grid points. The Barnett model is \’ell-suited to smal- 
ler bodies of \^ater but would require several millian ray sets 
to cover all ocean areas. 

To overcome the computational storage 3-equrrements of the 
Bajrnett propagation technique, a Lagi'angian interpo] ation 
scherAO was programmed for PNUC by Ocean Data Systems, Tnc. 
to determine the enc3~gy values at upstj'oam points fi'om 
rolativoly smal] numbci- of points on a un.iform3y spaced 
lati tude,J'longitudo gi~.id. The I.agrangian i ntci'po] a ta on 
modification, together v/ith a grid system vdii ch has a liiti- 
tude circle as the j coordinate, permits dividing t)ic model 
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into (a) a precompute program and (b) a wave prcclaction pro- 
gram. The precompute program accepts initial specifications 
of frequency bands, dj.rGction bands, time intervals, desinred 
output and grid geometry. Once these are estr-nl is’ned , tl-c 
precompute results are saved from one run to the ne;.t. 

The \,’ave prediction program is completely flex-'-ble in 
that rhe various parts are modular and &\.’irchable . All of 
the xollo\7ing sections are thus amenable ro isolaricn and/or 
elimination. They are directed by input dara conurol cards. 

“ Calculation of propagation 

° Calculation of all growth terms 
vrind/'wave interaction term 
V.'ave breaking ’term 
V7ave/\.’ave interaction term 
Lov 7 v,’ina bypass 
High v.'ind bypass 
Saturation limiting 

In Septe-nbor of 1975, ND130 is scheduled ro deploy a 
simplified spectral wave measurement systc" off Care !>.y, 

Ne\; Jersey. Buoy EB-'ll will be equipped eh a 3 2-cha".ne'' 

Wave Spectrum Analyzer (WSA) and wjll traj^smt ( synopti c? 3 ly 3 
the average power passed by 3 2 active bandpass fjllcrs. 

Input to the filters is an analog voltage \.’hjch is prcpo]'ti cuial 
to t)io vertical acceleration of the buoy. Tlie Shore 
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Connunication Station in Miami, Florida 11 enter computed 
spectral densities into GTS circuits if the deployment is 
successful. 


Systems for real-time measurement of ocean spectral 
v?a''-es are scheduled for deploymcr.t at an incx'easing pcice . 
The models to make global foreccicts of ocean spectral '.-avo 
conditions now exist. Fi'h'C \?ill soon implement a global 
forecast capability; ho’.rsver, it is a military activiey an 
is forbidden by lav; from providing services to com"'ercial 
users. A strong recuire'“ent the ce for exisrs for one or mor 
naiional civil centers uo develo-? a clob.J. soeciral v.a'.’o 


analysis/forecast service to laeec tn. 
international user cormrunicy . It ns 
IGOSS Comnittee take the lead in err*p 
ment. 


; grc. : r.g needs of 
reco~n endec that 
'.asm, ing this recu 


ire- 
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Mr, Koger Born 
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Dear Roger: 

REE; National Ueatlier Service Spcciti cations for 

Sliipboard Environmental Data Acquisition System 
(SEAS-1) , Dated 5 May 1975. 


Since wo covered the bulk of our concerns over the 
telephone, I W3 11 simply first go tJirough the docurenr page by 
page, if you wish to refer to it, \.'ith general co'i.'ents and 
then somie kind of wrap up at the co’iclucion. I apologize \-hat 
perhaps some of my remarks might turn out ro be incorrect 
because of further qualifications later in the docur. ent. If 
so, T cun sure you V7ill spot the inconsistency, if I do not. 


P age 3, Section 1.2 - 7is 

\.’ould seem liighly appropria 
insta31ation on a "captive" ship 
foreign ports or be generally 


will be developed later, it 


te to make 
that \7ill not 
difficult to 


the initial 
be going to 
reach for any 


repairs or adjustments. 


Page 2, Section 1.3 ~ In reading this, as V7 g] 3 as later 
specifications, I do not believe that the line is suf f icie)itly 
clearly drav.’n as to wdiat is to be "initially a flexible 
experimental model" and the "next phase for developr'ent of 
more sophisticated sensor systems". I thjnk this is a grey 
area. I have no difficulty \;ith the specific example given, 
such as the XBTs, but J feci thas would also relate to the 
particular types of sensors employed and, therefore, t]i3 s 
becomes a very' grey' area. 

The bottom paivigraph on page 2 points out ci vulnoivibDo 
facet of the cnti3'c operation. Some of tl^e sensors, sucii as 
water temperature and conductivity' \.'il 3 , almost certainly, Jjo 

located for instance, in the case oi a tanJicr belo'..' the 

\7atcr 1 n nc in some compartuuent below the deck p}'ol?ably' in tlie 
engine room spaces . In the case of tanlc-rs, Jt should he 
pointed out that they' arc considered to be rat lu;r specral 
sliip.s and to simply' put a hole in a bulJdKvui (perliaps even any' 
bulkhead), requires very' special iiornussron from tlie proper' 
branch of the U.S. Coast Guard. at the very' minrmum, 

V7ill be involved and time consumrng. The pi'cvrous note, of 
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coui'GO, assxmes a liard-wircd connection between the data 
proccDsincj unit and the sensor. There arc, of course, 
alternatives to hard-wiring, one of tJie most easily adapted, 
though by no jncans without its problems, as to iiastall a 
small, local FM converter to convert the signal outpxit of the 
sensor to an FM carrier \7hich is tlien coxipled properly to the 
ship's internal eicctric lighting circuits. Since it is the 
practice in the marine field not to ground oathor conductor, 
this makes a particularly easy task of getting useful brxxtc 
force transfer of the FM radio carrier to othci* points on the 
ship. Due again to considerations of shap safety, 
unquestionably the po\?er \70uld probably not bo pernitted to 
exceed 5 Watts v^hich I think is quite adeqxxatc. In faev. , 1 
Watt might serve. Mov?ever, some shaps, 1 ain certain, \.oaid 
require that the package that x7ould be utalrzed to accorplash 
this pxarpose as well as the sensor package rtself, xf ir as 
electrically pov/ered from the shap's system, be qualified as 
an accepted piece of hardvjare, again by the appropriate Coasu 
Guard group. To continue, a suitabi e Frl receiver v/oulc men 
be required to be coupled to the po\;er circuir at the locatron 
of the data processing unit. This basic system is by no roans 
new, it has been used for at least 4 0 years by electric po'..-er 
companies for communications over power ti'ansmission circ'uirs 
and for even turning on and off load systems in the cores ric 
and industrial markets such as activating electric \,'arer 
heaters to absorb system poxrer rather than accept a loss of 
generating effeciency under light load conditions. Ko'.;evcr, 
there are obvious flax/s to this system, meaning that tf'3 F.'i 
conversion and demodulatron all add to the potential syseeia 
drifts and to maintain a specif red accuracy requires careful 
cjigineering, even though one uses auromatic calibraraon 
references. Though tankers are perhaps the x;orst -ships , most 
governmen-u vessels will, nevertlxeless, require consideration 
of this type . 

Page 3, Section 1.3 - (Top paragraph) - Since Figure 
1-1 is a "preliminary block diagram" , one shoxild perhaps be 
prepared for changes being introduced that may or may not be 
easy to accoimaodate. 

(Second paragraph) - The display of tlio environmental 
parameters may V7cll be questioned as to v;hat useful functaon 
this really perfooas; for example, as far as conductivity is 
concerned, in routine use what ship's officer or person \;ho is 
likely to be on the ship will be in a positaon to do anytiung 
about this parameter. I than): the v/holo businos;: of 
displaying tlie measured parameters needs to be exama ned cis to 
wliat benefits, if any, may be expected to accrue in an 
essentially automatic system. Some parameters I certainly can 
sec, such as wind velocity, direction, etc. may well bo of 
use, but in any case these do Jiocd to be examined. 
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(Third paragraph) - Refercnca is made here to tlac 
installation of the engineering system on a NO/vA ship. This 
is both good and bad. In the first place, it will have a 
highly critical group observing and troubles may well be 
reported v;hich arc very minor as far as the overall function 
is concerned, but can result in request to the manufacturer 
for imjnediatc repair. Then, too, all KOAA ships are not 
necessarily easily accessible because they do rcingc far and 
v;ide. 

Also in this same paragraph it says that its 
performance vi3-l be evaluated \,'hich means there shouid ]>e 
available for the manufactiircr some idea of ho\; the evaluate on 
or rating, etc. is to be carried out. Certainly, there '..oil 
be some ranJeing attached to various facers of the sysren and 
certainly the manufacturer should know \.’hat this \;ill be. 

It also refers to the fact that SEAS-I \;ill serve to 
experiment \;ith various sensor locations. I can see thar tins 
will have considerable problems because rhe quasrion \.’ill cp.’.o 
up as to ^;ho moves the sensors abour. They may be damaged by 
personnel not responsible to the mamifacturer and the question 
then IS, vjho pays for the repair. 

Page 4, Section 2, D, - The reference to tne tirr.er 
require.s considerable engineering and development , as far as I 
can see, because of the necessity to perform decoding caua 
from the GOES transmission. Certainly a significanr num.ber of 
man hours, engineering and fabrication N.’ould go inuo this item 
alone. 


Page 5, Section 2, E. - the requirement of display on 
the bridge, regardless of location of the CIU, could be 
complicated. A small political question perhaps comes up as 
to v/hether the people , having the approval of the location 
would accept the CTU on the bridge, v;hich is usually a 
somewhat congested place. One might find it necessary to 
provide tu’O display units. 

Page 5, Section F. - This section has somewhat of a 
booby trax> in it, unless one irovide.s for an automatic 
override of the alerting signal if it is turned off and not 
reset. This could cause many missed transmissions of 

essential data. 

Pago 5, Section ?.], A. ~ This seems to bo a rather 
unfortunately worded section in that it says, ‘‘Tlicso sensors 
shall be designed for mounting on the super-structure of the 
ship". Certainly, I do not believe that one would vv’anl to 
mount the wind speed or direction equipment at such a .level 
and even air temperature may present some problems. 

p£igc 5, Section 2.1, B. - The oiitions here eiro 
pax'ticular] y sticky since almost certainly, as wo discussed, 
tlic output of the government furnished units will have lo bo 
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modified to minimize olcctromaynetic interference probiojiic. 
Thifs \diole paragraph seems to me that the supplacr or offeror 
is going to have to do a great deal of engineering on a \;hole 
variety of things that may not bo elected. 

Page 7, Section 2.], D.5. - The provision here for 

call“Up of di.spfay by switcJies as mentioned, seems to me 
potentially troublesome because the engineering \/ill have to 
talc into consideration that the operator \/ill have to 
remember or rc-set all switches \7hcn performing data entries 
or other operations so the amount of override and \;hat happens 
vdion s^7itchcs arc turned needs to be spcci aJ.ly considered. 
Also I believe vheirc is nothing ciear, at 3 east a.s I have seen 
it, that says how much data must be disp3 ayed s ij mltaneous "i y 
rather than, perhaps, sequentially. Tins would seem to h<xve a 
very large bearing on both the cost and design of the display 
system. 


Page 7, Secrion 2.2 - I agree with you very much that 
the constraints specified by the standard 19" floor standing 
rack, etc. are rather crude and \.’ou3d, on the face of it, 
preclude a smal3. box, desk top mounting, or bulkhead mounting. 
This seems to dictate that it must be a floor standing rack. 

Page 8, Section 2.2, C. ~ One certainly needs some 
input data here that can bs considered reasonably related to 
the parameters in terms of magnitude, time, or frequency, etc. 

Page 8, Section 2.2, - This is a very real hazard 

whicli v;e have encountered because hinged access doors full 
length on a 60" rack and a heavy .sea\?ay can be very dangerous 
and, should they be used, adequate firm latching arrangeioents 
must be provided. 

- Page 8, Section -2.2, E. - This smacks very much to ms 
of heavy duty military type equipment and I don't belie-'-'o is 
the kind of thing either of us \v'cre considering. 

Page 8, tSection 2.2, G. - This is particularly 
troublesome because no number or specification is attached to 
what is considered "quiet" . There arc no acoustic specs and 
tills certainly needs to have real numbers. Personally I trust 
that a blower would not be necessary. 

Page 8, Section 2.2, II. ~ Both G. and H., I feel arc 
particularly unsatisfactory because the basic design assumes 
tliat air is goJ ng to be blown througli all of the electronic 
equipment. Since 991 relative humidity is envisioned \;ith 
relatively high temperatures and, thougli they do not say so, 
salt air is going to be blo\;n through the equipment, J foo3 
tliis is archaic in toinus of design and certainiy requires very 
expensive encapsulation, etc. and special troatment, of 
cour.se, of plugs, terminals, etc. to avoid corrosion. 

Pago n, Section 2,?., I. - Conncct.ors for external u.sc 
^ or for interconnecting units on cables arc sjmp]y invitations 
ORIGMAL PAGE t:: 
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for trouble. This again reflects rather primitive design 
ideas. 

Pa ge 8, Section 2.3 - I thin]^. this is essentially a 
kind of boiler plate that can be made rather constraining or 
not, depending upon the \/him, perhaps, of the government. 

Pago 8, Section 2.3.1 *- This sections appears to me to 
be mo.st indicative of the failure of tlic PFP \;ri1.or to really 
understand \.-nat is going on. I understand that they wisli to 
protect themselves against poor ^;orkmanship, etc. but I thin): 
the guarantee against failure essentially for a period of one 
year after acceptance is simply unrealistic and reflects 
substantial unfamili^irity v;ith rhe general problems involved. 
(Seefittached reference) , This is essentially saying that 
there shell be a zero failure rare for one year. Witii an 
engineering r.odel that must be built \.’ithin a 6 -month period 
from components or subassemblies for \;hich even the 

manufacturer probably has only the vaguest idea of their 

reliability in terms of failure rate as a function of time, 

this poses an almost impossible cask. This is doubly true 
because many of the subassemblies or components v.’hich we 
discussed are too ne^? to possibly acquire suirable failure 
rate or I5T3F (Kean Time Beru'een Failure) v.'irhin the alloted 
tijiie period. Certainly all of this takes great liberty '..'ith 
the laws of probability. I v/ould feel uhat one coxild not 
honestly or conscientiously deliver a piece of equipment: 

guaranteed for a zero failure rave for a year under tne short 
time framiG or, for that mautcr, dollars available. Here 
again, a significant redoing of the guarantee should be done 
and perhaps, if rhey v?ish to enforce the G-month period, i- 

v^ould be \;ell to simply accept failure if it occurs, but then 
an independent analysis of the failure by the proper engineer 
should not conclude that the failure' t.’as caused by faulty 

engineering on the part of the supplier. This, of course, is 
a difficult area for specifics, but I think it needs to he 
developed. ,-.s I mentioned earlier, if this )cind if equipment 
is installed on a NOhA ship, there x.-ill be all )cinds of 
demands thar sc.^se thing is not fxmctioning properly and, haviuig 
been through this, often these are under the category of 
"cockpit proolens" and the manufacturer will find that a groat 
deal of engineer's travel time is involved simply pointing out 
to people that they wore, themselves, maJcing the mistakes . 

The relationship on Pacfc 9 of this same section in v/hich jt js 

stilted that the rcpair^must be coaipletod within 30 days after 
notification by the government of the defect could be a real 
hassle. Perhaps the ship is not in port or, if it does got 
into port shortly thereafter, and sJ^ouId a t be necessary to 
return the failed part or p£irts to t)ie manufactur uig plant, 
tliis can oat up a great deal of time. This 30-day business, 1 
tliin):, needs to be straiglx toned out. 

Pa g e 10, Section 2,5 - We covered some of this, over 

the telephone, but .some of it we can go over again. Pcj*lxaps 
tlie sea water tomporaturo accuracy (RM.'U-:) of 0.)'’C causc.s 
considerable question. If I rcmcjnbcr correctly, several years 
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ago I found out (jicrhapn v;J th Pau3 WolfC'?^ a^Jin stance) that 
tlio atmosi)hcrlc inodols whjch \/Gre utilizijig the sea surface 
teinporatvirc sdniply were not scnsxtivo to the 0.1 '’C and would 
be )jerfccLly happy \7xth even an accur^lcy as Icirgc as 1°C, I 
think it was none othex* thiiL Dr. J. P. Tullcy of Vancoxivcr who 
said qu j te a long whxle ago whoi tins x^robJcin was bcxng 
discussed that, "The .sea doesn't knov/ xts own tcjopex'a ture thxs 
accurately" . What he was referring to, of course, is that 
tliere are large gradients on the surface and tJiat any 
rcalistxc values represent in genora.1 an area intogratjon 03 : 
avGx-age and certainly, a.s far as the px-o^ected satellite 
"footpx'ints" , these \ 7 ill amount to dxameloi-s of . sevciral 
nautical miles. Certainly, to ask for one tenth of a degree 
accuracy \ 7 hen one degree \ 7 ill actually suffice, certainly in 
an engineering test unit of thxs type, is unreasonable. It 
drives up the cost very significantly. Thxs, of course, 
becomes quite obvious v.’hen one considox's uhat tins spec, over 
the operating range, means the resolution and accux'acy must be 
one part in 450. Then, too, thxs neglects tl'jG phxl o.soph,. cal 
question of hov; one can have a system of this type t.’iuh an 
HiiSE accuracy the sarae as the sensitivity. 


As far as wiiid speed is concerned, thxs again poses an 
interestijig problem because both the accuracy and the 

seiisitivity arc identical and twice the magnxti^de of the 
reporting resolution. The 120 knot magnitude tends ro pretry 
V7ell eliminate some sensors and one of the best sensors '..'hich 
I am a\.'arc of is tlie J-Tech vortex shedding unit 'w'hicli, as \.^e 
discussed, if mounted on a mast or a base that is subject to 
much vibtation may generate rather peculiar outputs. Since no 
specification is given in all of this for the aiiiplirude and 
frequencies of anticipated vibrations, such as the top of a 
ship's mast, for sensors that might be mounted there, I think 
there are some real questions at this point. Certauily the 
specifications arc inconsistent as far as v;ind speed is 
concerned \;ith the definitiojis contained on the page. I must 
confess thext at the jTiomeait I do not kno^.’ if the JTech Vortex 
Slicdding Unit undergoes significaiit degradation in a 3:ai n 
storm. 


Page 13, Section 2.7 - Certainiy this paragraph implies 
that al.l of the sensors will be connected wit)i a hard v.'irc 
system and this may or may not be practical as developed in 
earlier paragraphs. 

Pa ge .14, Socl.ion 2.8 - A point occurs to me here \'i th 

respect to potential outages as long as 30 seconds. Since the 
clock is contiollod basically by the signal from the GOl'S 
satellite, wliat circ the rclationsliips lic3"e to gett.ing the 
system up and running again. 

Page 14, Sec (men 2.9 ~ Cci'tainly it seems Llie 

documentation is very e.xtcjisivo and a com;i dorablo number of 
man hours would bo rcquiired to prcpaire the non-r.of twaj-o 
portion of the manuals and I would certainly tliink that your 
department in the software area is also very demanding. 





Pa ge 15, SoetJ-on 2.11 ~ The spax'c parte roqueet l)oro I 
tliink must be looked at aleo in liglit of Scctron of 2.3,1 
relating to the guarantee boc^luse, .if the whole thing is 
presumed to be on the basis of a zero faiJure rate for a yeax' 
pcr.iod, \d'iy any spai~c parts? Furthermore, it implxo'^ here 
that the government \;ill pay for the spare parts. Th.i5j .is in 
contradiction to the contractor having to pay for repairs of a 
failed part. 

Page 15, Section 2 . .1 2 - A question here, of course, is: 
if this training period to begin after the 6-month period \;hcn 
the equipment is delivered or must this be absorbed \.’ithin the 
6-month period? If .it is \jithin the 6-month period the 
contractor certainly could not count on liaving access freoiy 
to the equipment. 

Page 3 7, .Section 4. - In the top paragraph, noi.t to the 
last line is "support of the SFAS-1 xnstali ation" . Thougli it 
implies that the government employees \’ill carry out the 
actual installation, I think the \;ord "support" is capable of 
rather broad interpretation and this could ir>'p]y a very 
significant amount of man power and effort on rhe part of tlio 
contractor under some conditions. Therefore, I think rhis 
needs to be clarified. 

The nei:t paragraph on this page, by the \/ay , is an 
addition to your total dollars to play v.'irh because here iu is 
asking that the man hours and the e.nginocrijig for uhe 
installation come \;ithin the basic contract J This \v’hole area 
of installcition and field support is a delicate one because I 
am certainly familiar, and I am sure you are, with equipmen.t 
that has been damaged or rendered inoperabje because of action 
on the part of the installing personnel. Some k^nd of 
j.nsurance here somehow needs to be worked into this. 

4 

Pages 17 and 18 - I don’t detect quickly any 
specification tluit dictates how» the equipment is to bo 
shipped. I am partial to air freight in things of this sort, 
or at least an air shipment, but I am not sure that this is 
acceptable to the government. 

So much for the comments, let me know .if I can assi.st 
further. 


With best regards, 

iK\mcs M. Snodgrass 
Scn.ior Technical Director 

JMS t c 
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V?hen I f3.r&t tlie RFP fox* the Shipboard Env: rc’'.~ie3'i'l a ] 

7icqu.i £?D 1'103'. vSystcF Engxncer.ing Model (SEA.S-1) , I was crxic f'r\ll;l. 
An cjcqaisition systen for ships-of -opperhu.' ily is ccr-fainly r 
neoded prodact, PsGliable and regujar \c>..r]'er data fro-n -che ocoor 
has lono' bsen a inajoc hole 1 ji vrd'd data cclleotien. wn'i m P-r'. 
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CARP G'lobel 3:>n:ari'-ent (PCGB) coa.:.-'g v, 
scored , 

h^ith the carre,.t srav-o-of-tht -a : ^ ii' 
ticiPLat'-i large-scale ittegrat j on (rST), < 
tUiT'Ly '.’e^'.'.rcr etarion of: roas^onalOe 
po\;cr ce;isnpt„e.i and i'.inin.a='t open'otor 

ProbDcos id'.icl. ».ave p]<u 9 i]cd snipbocird I'^seiilations for ye.'"' 
no'o r.G?--ab:-e, c.s is clearly deiaoiir-.t rated t’la spec'. el aegv ' ' '.t; 
sy.stC3as do eloped fer the^GARP Ath-ntiv; 'D'coicaT rb.pe.r: .'icn-, i fC ' . 
/iutornelrc reporting has boon dOiionr.'cratcd bi tlic hC-M d.ita ,tt:y 
Tlins exparicnce, coMbij'>ed \.tith LS^ tcc'. '.o3ogy cs^ecali'^ * ” 
niicr o-proGCSCoi' technology , openm tlic doo:' to a vi i. 10 c a3-«d "• 
inexpensive sh..P"OC-*oi>por txinity envj ron’”.':'ta "* daiei i<cgai 

My onthusiasM died rathe]' rapid] y, lie t'.er, ;is T got i)ilc> t'' 
Statemeni of \'ork and discovered that dcelivcry \'a.s o::poc;ted .Mlh: 
six months This implies an of f - tlio-slu'O f iJ’Oduet. Even U-ni t 
tight, allowing very little Lead time for co-i-i-ouc nt oi' sul.i:>''s i em 
procurement- Tlie dismay'^ comes not from the implication to proeUi'e a 
off-the-shelf SEAS-1 sy'stem; rtithcr, in rry conviction that tliore I'u 
any'^ of f -tlic-shclf product that \^i ] 1 meet the rcqui remeuLn . The data 
ncqxiisition systems built for the MOTtA Data Buoy Office ]jimi tod Ca-pa 
bilily Buoy’S are the closest I know to satisfying the rcquirr-mcn ts . 
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They arc designed, however, to operate in an electrical environment 
that is relatively quiet. VJhen sensors are remotod in a ship-of- 
opportunity environment v/hich has a high level of electrical and 
radio frequency interference (RFI) they will not \,'ork . 

Time can be roughly related to dollars. Based on iny experience, 
six months \;ould roughly translate to $50,000 or $75,000. T)iis 
amount \.'Ould be adequate fo buy an off-the-shelf system and some 
support services. 

It \?ould not be adequate to buy the programming necessary l*o 
implement automatic transmission of calibrated and error- free data. 

It certainly would not be adequate to develop a system using statc- 
of-t)iG-art technology. Considering the number of units that viDl be 
eventually deployed, a development using latest technology is the 
proper \.’ay to go. 

Further reading of the Statement of V?ork makes one question 
v?hether or not adequate attention has been given to unique shipboard 
problem.s. No mention has been made of the extremely high RJI exisienr 
on ships. This problem is particularly troublesome \.'ith rcmotsls - 
located sensors producing lo\,>-level signals v;hich must be tr an sr acted 
significant distances to the collecting equipment. In manual syszems , 
this problem \;as adequately attacked with cable shielding, since fhe 
analog readout instrument generally had a long time constant. Koi.se 
transients which came through would be detected by the trained hu.ran 
reading the instrument and either mentally discarded or visually 
integrated. Past techniques of instrument shielding are not adequate 
in automatic digital systems. It takes very sophisticated programs ng 
to do v.’hat tlie human docs in an analog system. This problem ,’as 
solved in GATE by placing analog- to-digital conversion equipment 
within a fev/ feet of the sensor, returning a pulse coded and frequency 
modulated signal to the collecting equipment. RFI \.’as completely 
eliminated except from the sea-surface temperature sensor, \.»lnch had 
30 feet of wire between the sensor and the A/D converter. 

A second technical area disturbing to me is that related to 
the sea-surf acc temperature and conductivity moasuremon ts . Specially 
• designed research ships obtain tho.se measurements by bringing water 
in through a special bow opening to a sea client where the sensors are 
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placed. During GATE an attempt was made to measure sca-surCace 
temperature fi'om an ovcr)?oard sensor away f rom the intlucnco of 
the ship. Even in a stationary on-station slup this l>ccamc a very 
difficult problem to solve. In trutli, it \.'as never satisfactorily 
solved. Obtaining sea-surface temperature and conductivity meas- 
urements from a moving ship-of-opportunity is neither straiglit f or\;ard 
nor a simple problem to solve. Delivery of liard\?are embodying a 
satisfactory solution in six montlis seems sonie\;hat iudicrous, 

Lastly, I an not sure the Statement of \’or)c adequately antic- 
ipates the computer programming required. Before true v;inds can be 
calculated, individual samples must bo averaged \diich implacs a con- 
versioji iron wind speed direction to \;ind "i'cetors. Prior to this 
conversion, the raw digital data must be converted to scientific 
units and scaled. Editing should be performed on data elements to 
remo-'T^e bad data prior to averaging. A continuous check on insti umsnt 
calibration should be made, requiring additional calcujation. This 
kind of processing must be done for each instrument. In addition, 
tlie re-conver Sion of parameters from a form convenient for compatal ion 
into a format for transmission must be made. Tran.smissi on control, 
display and manual input programs are required as is the dav3lop''ent 
of a real-'cime executive program. Programming, debugging and progra.m 
checicout is nuch more than a six-month gob. To do the same gob for 
the GATE systems, albeit for a larger suite of instruments, required 
four times that amount of time and approximately ,$200K. 

I believe an ideal solution for SEAS-1 i.’ould be a distribuved 
processing approach using small four-bit micro-computers at the 
sensor interfaces, in the manual keyboard input and display, and at 
the Data Collection Platform Radio Set (DCPRS) . Portions of the 
processing v;ould be done at each of these points. Interconnect cabling 
v.’ould reduce to twisted pairs for signal transiTu ssion . The noise 
problem would be .solved; packaging could be small, convenient and 
amenable to conductive cooling. 

A design study addressing tlic application of state-of-the-art 
technology would seem to be a more appropimatc allocation of limited 
funds at this time. One can lca]'n from GATE instrumentation expor j ence 
(which learned from BOMEX) a.s well as data buoy cxporioiice. Now tech- 
nology can be incorpoi^atcd prior to equipment procurement. This would 
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certJi-inly be a Dcr-s coatly approach in the long run. 

♦ 

If a test bed for sensor development is desired, b307\A could 
use one of tlic GATE systems. It is much better suited to thD s 
purpose as it has recording capabilities in additjon to a wealth 
of test instrumentation. By interfacing t}io DCPBS to tlie system, 
real-time collection of data and transmission to the satellite on 
a tliree-hour ly basis can be tested. A hardi.’are .inierfacc and a 
small amount of programming v;ould be required. The basrc soft\'are 
can run in real-time, though tliis mode sa\.’ only limited use in G/AT] 

In light of the above considerations, I recommend OB.GJ no-bid 
the RFP for SEAS-1. 
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